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I.  INTRODUCTION 

The  Energetic  Ion  Retarding  Mass  Analyzer  (EIRMA)  was  developed 
by  the  Ionospheric  Disturbances  and  Modifications  Branch  of  the  Ionos¬ 
pheric  Physics  Division  of  the  Air  Force  Geophysics  Laboratory  for  use 
In  the  Beam  Emission  Rocket  Test-1  (BERT-1).  During  the  experiment, 
the  potential  of  a  section  of  a  sounding  rocket  payload  was  to  be  modi¬ 
fied  with  respect  to  the  ambient  plasma.  The  vehicle  was  to  be  charged 
positive  by  the  ejection  of  electrons  and  negative  by  the  positive  ion 
ejection.  Also,  the  operation  of  an  automatic  spacecraft  discharge 
system  was  to  be  tested.  During  the  flight  EIRMA  was  to  sample  the 
atmosphere  and  to  differentiate  between  the  ambient  Ions  and  the  ener¬ 
getic  Ions  emitted  and  created  during  the  vehicle  charging  and  dis¬ 
charging  experiments.  It  also  was  Intended  to  survey  the  energy  dis¬ 
tribution  of  selected  Ions, 

The  Instrument  was  a  quadrupole  positive  ion  filler  capable  of 
performing  a  mass  scan  analysis  between  4  and  lOQ  atomic  mass  units. 

A  mode  to  detect  all  positive  Ions  above  the  atomic  mass  unit  of  80 
was  also  available.  To  differentiate  between  the  Ions  at  the  various 
energy  levels,  a  program  controlled  Ion  retarding  potential  was  avail¬ 
able  In  the  Instrument. 

The  capabilities  and  the  physical  structure  of  the  Instrument  were 
defined  by  the  Ionospheric  Disturbances  and  Modifications  Branch.  The 
Branch  was  also  responsible  for  the  design,  construction  and  the  pack¬ 
aging  of  the  quadrupole  mass  filter  Including  the  electronics  for  the 
excitation  signals.  The  control  electronics  which  accepted  and  executed 
the  commands  from  the  main  controller  of  the  BERT-1  experiment  were  de¬ 
signed  and  constructed  by  the  Electronics  Research  Laboratory  of  North- 
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eastern  University.  The  electronics  included  the  communications  inter¬ 
face  circuits.  Circuits  to  convert  the  received  instructions  into  the 
command  signals  to  control  the  operation  of  tho  mass  'liter  and  to 
generate  and  set  the  retarding  potential  also  were  the  responsibility 
of  the  Electronics  Research  Laboratory.  Data  conditioning  and  function 
monitor  circuits  were  also  included  in  the  control  electronics  package. 

The  first  part  of  this  report  describes  the  operation  and  the  in¬ 
teraction  between  the  various  circuits  during  the  execution  of  the 
commands.  The  control  of  the  mass  filter  and  the  ion  retarding  poten¬ 
tial,  as  well  as  the  data  conditioning  processes  are  also  described  in 
this  portion  of  the  report.  The  second  part  deals  with  individual 
circuits  and  the  description  of  their  functions. 

II.  OPERATION  OVERVIEW 

The  control  circuits  for  EIRMA  were  designed  to  accept  digital 
commands  and  operating  parameters  from  the  master  controller  of  BERT 
and  to  convert  them  into  the  analog  signals  to  control  the  operation 
of  the  mass  filter.  Analog  control  signals  were  provided  to  the  cir¬ 
cuits  generating  the  excitation  for  the  quadrupole  and  to  the  high 
voltage  supplies  producing  the  necessary  ion  retardation  potential. 

The  data  processing  circuits,  floating  on  the  retarding  potential, 
amplified  the  slowly  varying  ion  flux  and  the  mass  spectrum  signals 
and  converted  them  into  a  frequency  modulated,  pqlse  trains  for  trans¬ 
mission  through  optocouplers  to  the  signal  conditioning  circuits  oper¬ 
ating  at  the  vehicle  potential.  There  the  data  was  recovered  and 
conditioned  for  transmission,  together  with  the  monitor  data,  through 
the  telemetry  system  of  BERT.  A  simplified  block  diagram  of  Eirma  is 
shown  in  Figure  1. 


-  2  - 


i 


A.  Conwand  Interface 

The  commands  and  the  control  parameters  for  EIRMA  were  stored  in 
the  memory  of  the  master  controller  of  BERT.  A  16  line  parallel  bus 
was  used  to  transfer  the  required  information  from  the  master  controller 
to  the  control  circuits  of  EIRMA.  It  was  expected  that  the  instruments 
of  BERT  ejecting  electrons  or  positive  ions  from  the  vehicle  would  gen¬ 
erate  large  amounts  of  electromagnetic  interference.  To  minimize  the 
possibility  of  errors  in  the  control  data,  due  to  that  interference, 
the  bus  was  isolated  from  all  of  the  instruments  by  optocouplers. 

Twelve  lines  of  the  bus  were  used  to  communicate  the  commands  and 
the  operating  parameters  to  EIRMA.  The  remaining  four  were  reserved 
for  the  transfer  control  functions.  The  four  MSB’s  of  each  12  bit  con¬ 
trol  word  identified  the  nature  and  the  destination  of  the  data  con¬ 
tained  in  the  8  LSB's.  Thus,  the  data,  which  defined  a  single  parameter 
of  a  task  to  be  performed  by  EIRMA  during  the  next  mode  of  operation, 
was  stored  in  an  appropriate  temporary  memory  location  of  EIRMA  identi¬ 
fied  by  the  4  MSB's  of  the  control  word.  When  the  control  word  was 
identified  by  its  MSB's  as  a  connand,  the  LSB's  were  disregarded.  The 
16  possible  identification  codes  and  the  corresponding  comnands  or 
task  parameters  are  described  in  the  Appendix  A. 

When  EIRMA  was  ready  to  accept  a  new  control  word,  a  bus  line  des¬ 
ignated  to  identify  that  state  (RDY),  was  set  high.  After  the  master 
controller,  at  its  convenience,  placed  the  new  data  into  the  bus,  it 
pulled  another  one  of  the  transfer  control  lines  low  (STIT).  The  nega¬ 
tive  transition  on  the  STT?  line  was  Interpreted  by  EIRMA  as  a  signal 
that  the  control  word  on  the  bus  was  stable  and  ready  to  be  accepted. 
After  the  data  or  the  command  on  the  bus  was  accepted,  the  RDY  line  was 
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pulled  low  to  signal  that  EIRMA  has  indeed  accepted  the  data.  When 
EIRMA  was  ready  to  accept  the  next  control  word,  the  line  was  returned 
to  its  high  state.  The  data  transfer,  one  control  word  at  a  time, 
could  take  place  while  the  instrument  was  executing  the  tasks  conmanded 
during  the  previous  data  transfer.  Once  all  of  the  data  for  the  next 
mode  of  operation  has  been  transmitted  to  EIRMA,  an  END  OF  DATA  (EOD) 
command  code  could  be  issued  by  the  master  controller.  Upon  the  recep¬ 
tion  of  the  EOD  code  EIRMA  ignored  any  further  attempts  to  communicate 
until  the  program  for  the  mode  interval  ordered  by  the  previous  data 
transfers  was  completed  once.  This  condition  was  signaled  to  the  master 
controller  by  keeping  the  RDY  line  low.  When  the  execution  of  the  pro¬ 
gram  has  been  completed  once,  the  RDY  line  was  set  high  again.  The  con¬ 
trol  circuits,  if  not  commanded  otherwise,  started  to  repeat  the  same 
mode  interval  program.  At  this  time,  EIRMA  again  became  receptive  to 
instructions  and  commands.  Although  any  one  or  all  previously  trans¬ 
mitted  instructions  could  be  reissued  ,  if  needed,  an  EXECUTE  command 
was  expected  at  that  point  during  the  experiment.  The  EXECUTE  conmand 
transferred  the  instructions  from  the  interim  memory  locations,  where 
they  had  been  stored  since  the  reception  from  the  master  controller, 
into  the  operating  memory  and  started  their  execution.  Once  the  exe¬ 
cution  of  a  program  commenced,  the  new  data  could  be  fed  to  the  EIRMA 
control  circuits.  When  the  EOD  conmand  was  by-passed  and  a  set  of  new 
instructions  were  followed  by  the  EXECUTE  conmand,  the  presently  run 
program  was  aborted  and  the  new  instructions  were  executed  immediately. 
Thus,  the  EXECUTE  command  provided  the  synchronization  between  the 
events  of  BERT  and  the  measurements  of  the  mass  filter.  The  EOD  com¬ 
mand  protected,  to  a  large  extent,  the  new  instructions  and  the  program 
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being  run,  for  at  least  one  complete  cycle,  from  the  noisy  environment 
created  by  the  experiment. 


In  the  event  that  the  EIRMA  controller  "crashed"  an  internal  hard¬ 
wired  circuit  reset  the  controller  and  executed  a  default  mode  program. 
This  condition  was  signaled  to  the  master  controller  by  pulling  yet 
another  designated  transfer  control  line  low.  A  new  set  of  instructions, 
followed  by  the  EXECUTE  command,  once  again  set  EIRMA  into  the  desired 
operation.  The  fourth  of  the  transfer  control  lines  was  used  to  reset 
the  controller  of  the  EIRMA  and  thus  to  order  the  execution  of  the  de¬ 
fault  mode  program.  The  reset  could  also  be  ordered  by  a  code  trans¬ 
mitted  over  the  bus  as  a  command  word. 

B.  Exciter  Control 

Four  parameters  were  required  to  define  an  analog  signal  for  the 
control  of  the  quadrupole  exciter  during  a  mass  scan.  Two  instructions 
defined  the  beginning  and  the  end  levels  of  a  staircase  signal  gener¬ 
ated  by  an  8  bit  digital  to  analog  (D/A)  converter.  The  other  two  in¬ 
structions  were  needed  to  define  the  height  of  the  steps  in  the  stair¬ 
case  signal  and  the  time  duration  spent  at  each  step.  All  steps  within 
a  scan  were  of  the  same  size.  They  could  be  selected  to  range  from  one 
to  255  least  significant  levels  in  height.  The  time  spent  at  each  step 
could  be  programmed  to  extend  from  0.5  to  127  milliseconds  in  0.5  milli¬ 
second  increments.  Regardless  of  the  size  of  the  step  increment,  a  scan 
always  ended  on  the  specified  end  level  or  on  the  full  scale  output  vol¬ 
tage  of  the  D/A  converter  set  at  +10  volts.  A  zero  step  height  or  dwell 
time  specification  produced  a  dc  output  at  the  specified  scan  start  level. 
This  analog  signal  controlling  the  mass  scan  was  accepted  by  the  quadru¬ 
pole  exciter  circuits  at  the  vehicle  potential. 
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An  additional  cantt’O?  (taraioctor  as«irf.if<>W  tvith  ihr  nppratinn  of 
the  mass  filter  defined  the  ratio  between  tne  dc  and  the  ac  componeiiis 
of  the  quadrupole  excitation.  This  parameter  controlled  the  duty  cycle 
of  a  pulse  width  modulated  waveform.  This  waveform  was  transmitted 
through  an  optocoupler  to  the  output  circuits  of  the  exciter  operating 
at  the  ion  retarding  potential.  There,  the  necessary  dc  component  was 
generated  by  tapping  a  portion  of  the  ac  component  from  the  output 
windings  of  the  excitation  transformer,  passing  it  through  a  rectifier 
and  gating  the  resulting  signal  into  a  voltage  divider-filter.  The 
pulse  width  modulated  signal  from  the  EIRMA  controller  was  used  to  gen¬ 
erate  the  gating  waveform.  The  duty  cycle  of  the  8  kHz  ratio  control 
signal  could  be  defined  with  a  6  bit  resolution  between  21.5%  and  78.5% 
of  the  period.  Codes  defining  the  duty  cycle  outside  of  these  limits 
produced  a  dc  ON  or  a  dc  OFF  at  the  output  of  the  optocoupler. 


C.  Retarding  Bias  Control 

Two  sources  could  be  selected  to  provide  data  for  the  control  of 
the  ion  retarding  bias.  One  of  the  sources  was  a  voltmeter  measuring 
the  potential  of  an  electrically  isolated  segment  of  the  vehicle  with 
respect  to  the  main  body  of  the  vehicle  containing  the  mass  analyzer 
and  other  instruments.  The  other  source  of  control  was  the  data  in  the 


program  stored  in  the  main  controller  of  BERT. 

Since  the  isolated  segment  of  the  vehicle  was  expected  to  assume 
the  potential  of  the  surrounding  plasma,  the  voltmeter  produced  an 
analog  signal  which  tracked  and  was  proportional  to  the  potential  dif¬ 
ference  between  the  mass  filter  and  the  surrounding  plasma.  That  signal 
was  expected  to  vary  between  +  and  -  10  volts.  When  this  signal  was 


selected  to  control  the  amplitude  of  the  ion  retarding  bias,  it  was 
sampled  at  the  beginning  of  each  EIRMA  mode  interval  or  its  repretition. 

The  amplitude  of  the  sample  determined  the  output  level  of  the  positive 
HV  supply  providing  the  ion  regarding  bias.  Voltages  ranging  from  -100 
to  +4500  volts  could  be  genera~.ed  with  an  approximate  resolution  of 
24  volts.  Only  the  negative  signal  representing  a  negative  vehicle/ 
plasma  potential  from  the  isolated  segment  voltmeter  was  thus  converted. 

A  sample  of  a  positive  signal,  regardless  of  its  amplitude,  produced  a 
fixed  -lOOV  bias. 

There  were  three  modes  in  which  the  data  from  the  main  controller 
could  be  utilized  to  establish  the  retarding  bias.  In  one  of  the  modes 
the -lOOV  fixed  bias  was  provided.  The  second  mode  selected  a  fixed  posi¬ 
tive  bias  within  the  limits  described  in  conjunction  with  the  isolated 
segment  voltmeter  control.  In  the  third  mode,  the  retarding  bias  could 
be  scanned  between  two  selected  levels  in  a  manner  similar  to  the  mass 
scan  control  signal.  The  only  difference  between  the  two  control  sig¬ 
nals  was  in  their  resolution.  While  the  mass  scan  had  an  8  bit  resolution, 
the  retarding  potential  scan  operated  with  a  7  bit  resolution.  Since  the 
mass  scan  and  the  retarding  bias  scan  were  mutually  exclusive  events,  the 
same  codes  describing  the  four  control  parameters  were  used  for  both.  A 
code  was  assigned  to  inform  EIRMA  controller  of  the  role  reversal. 

A  safety  feature  was  included  in  the  control  circuits  to  protect 
the  circuits  operating  at  the  high  potentials  from  damage  during  test¬ 
ing,  adjustment  and/or  calibration.  It  was  a  simple  measure  intended 
to  protect  the  circuits  from  a  possible  damage  due  to  a  voltage  break¬ 
down  at  unacceptable  gas  pressures  by  preventing  an  accidental  full 
turn-on  of  the  instrument.  When  a  safety  connector  was  in  place. 
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the  maximum  amplitude  of  the  retarding  potential  was  limited  to  below 
300  volts.  Also,  the  power  to  the  Channel tron  bias  and  the  electrometer 
supplies  was  interrupted.  A  signal  was  provided  to  the  exciter  circuits 
which  was  used  to  limit  the  amplitude  of  the  ac  component  of  the  quadru- 
pole  excitation  to  an  acceptable  level. 

D.  Data  Conditioning 

Nine  analog  data  and  monitor  signals  in  the  range  of  0  to  +5  volts 
were  provided  for  transmission  through  the  telemetry  system  of  BERT. 

Four  of  the  signals  carried  the  principle  data,  while  the  other  five 
provided  diagnostic  monitoring.  The  ion  mass  spectrum,  the  ion  flux, 
mass  identification  and  the  ion  retarding  bias  signals  were  the  pri¬ 
mary  data.  The  monitors  included  the  Channel tron  bias  voltage,  the 
quadrupole  exciter  primary  signal  amplitude,  the  temperatures  of  the 
exciter  and  the  dc-to-dc  converter  circuits  and  the  output  of  a  pres¬ 
sure  transducer. 

Logarithmic  current  amplifiers  were  used  to  convert  the  ion  flux 
and  the  ion  mass  spectrum  currents  into  the  voltage  signals.  The  con¬ 
verters  were  designed  to  produce  a  one  volt  change  in  the  output  for 

each  decade  of  the  input  current.  The  expected  range  of  the  positive 

-13  -7 

ion  flux  current  was  between  10  and  10  A,  while  the  ion  mass  spec- 

-12  -6 

tral  current  from  the  Channeltron  was  in  the  -10*  to  -10*  A  range. 
Since  the  electrometers  operated  at  the  ion  retarding  bias,  the  data 
had  to  be  translated  to  the  vehicle  potential  for  transmission  through 
the  telemetry;  therefore,  the  slowly  varying  outputs  of  the  electro¬ 
meters  were  converted  into  frequency  modulated  pulse  trains  and 
transmitted  through  optocouplers  to  the  recovery  circuits.  There  the 
process  was  reversed.  The  slowly  varying  signals  were  recovered  and 
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presented  in  an  acceptable  amplitude  range  to  the  telemetry  system. 

To  assist  in  the  identification  of  the  species  in  the  ion  mass 
spectrum,  the  signal  from  the  digital-to-analog  converter  controlling 
the  mass  scan  was  attenuated  and  transmitted  as  one  of  the  principle 
signals.  The  retarding  bias  and  the  Channeltron  bias  were  monitored 
directly  using  high  voltage  resistors  in  the  input  circuits  of  opera¬ 
tional  amplifiers.  The  other  monitor  signals  were  conditioned  for  tele¬ 
metry  using  various  operational  amplifier  configurations  as  required. 

Three  external  power  sources  were  required:  +28  volts  and  -56  volts. 
An  internal  dc-to-dc  converter  generated  the  required  and  the  +5  volts. 
The  exciter  needed  the  two  negative  voltage  batteries  in  addition  to  the 
positive  28  volts.  An  average  current  drain  from  the  28  volt  batteries 
was  300mA.  The  current  from  the  -56  volt  battery  averaged  0.5A  with  a  peak 
of  1,3A  at  the  maximum  amplitude  of  the  quadrupole  ac  excitation  signal. 

III.  CIRCUITS 

The  control  unit  for  EIRMA  was  based  on  a  microcomputer  supple¬ 
mented  by  CMOS  logic.  Optocouplers  isolated  the  command  bus  of  BERT 
from  the  circuits  of  EIRMA.  Optoisolators  were  also  used  where  the 
internal  signals  had  to  be  transmitted  between  circuits  operating  at 
vastly  different  reference  bias.  To  convert  the  digital  commands  and 
data  into  the  analog  signals  required  to  control  the  mass  filter  and 
the  ion  retarding  bias,  monolythic  digital-to-analog  interface  cir¬ 
cuits  were  employed.  When  feasable,  the  analog  signals  were  pro¬ 
cessed  by  circuits  based  on  quad  operational  amplifiers.  More  special¬ 
ized  monolythic  circuits  such  as  very  low  bias  current  electrometer 
operational  amplifiers  and  voltage  to  frequency  converters  were  employed 
when  needed.  The  circuits  were  constructed  by  wirewrapping  component 


sockets  into  perforated  fiberglass  boards.  All  power  converters  were 
commercially  available  units.  The  circuits  grouped  by  their  natural 
interaction  and/or  placement  within  the  confines  of  EIRMA  housing  are 
shown  schematically  in  Figures  2  through  5. 

A.  Control  Unit 

The  control  unit  of  EIRMA  is  shown  in  Figure  2.  The  optocouplers 
U7,  U8,  Dll  and  U12  accepted  the  input  signals  from  the  bus.  The  four 
bits  (Ag  -  Ag)  carried  the  commands  or  the  classification  codes  of  the 
8  bit  data  appearing  on  the  lines  Dg  through  D^.  The  resistor  networks 
RN2  and  RN3  limited  the  bus  current  to  the  input  diodes  of  the  optoiso- 
lators.  The  current  was  limited  to  approximately  one  mA  for  each  diode. 
U8  also  processed  the  STrOBE  pulse,  instructing  the  controller  that  the 
data  on  the  bus  was  stable  and  was  intended  for  EIRMA.  The  same  unit 
accepted  the  external  RST  (reset)  pulse.  The  READY  signal,  indicating 
to  the  main  controller  of  BERT  that  EIRMA  was  ready  to  receive  instruc¬ 
tions  and  the  DFLT  (default)  signal,  showing  that  the  default  program 
was  controlling  the  operation  of  the  mass  filter,  were  isolated  from 
the  bus  by  OPI  7010  optbisolators. 

The  data  was  accepted,  interpreted  and  the  appropriate  outputs  to 
control  the  operation  of  EIRMA  were  generated  by  the  single  chip  micro¬ 
computer  8751.  The  operating  program,  presented  together  with  the  flow 
charts  in  Appendix  B,  was  stored  in  the  EPROM  of  the  microcomputer.  The 
external  interrupt  (pin  13)  was  programmed  to  respond  on  the  falling 
edge  of  the  STROBE  pulse.  Bits  4  through  7  (P2.4  -  P2.7)  of  the  I/O 
port  2  received  the  data  identification  code.  Data  was  accepted  through 
the  I/O  port  1  (Pl.O  -  PI. 7).  Once  the  data  was  accepted,  bit  3  of 
port  2  (P2.3)  was  cleared  and,  through  the  CMOS  OR  gate  (U6)  serving  as 


a  buffer,  turned  the  diode  in  the  optocoupler  OP I  7010  ON  to  acknowledge 
the  reception  of  the  data.  Ten  ys  later  the  optocoupler  was  turned  OFF 
and  the  READY  line  was  returned  to  its  high  state. 

Two  approaches  could  be  used  to  reset  the  microcomputer.  For  a 
direct  reset,  the  microcomputer  could  be  accessed  from  a  RST  line  of 
the  bus  through  the  optocoupler  U8  and  the  gate  U13.  Also,  a  reset 
command  could  be  issued  on  the  bus  lines  Aq  through  A^.  A  code  9H  at 
the  outputs  of  U7  enabled  the  AND  gates  U4.  The  positive  strobe  pulse 
from  U8  passed  through  that  gate  and  the  OR  gates  U13  to  the  reset  pin 
(9)  of  the  microcomputer.  An  automatic  reset  was  generated  within  the 
control  unit  whenever  the  microcomputer  failed  to  execute  a  prescribed 
routine.  When  the  chip  operated  within  the  program,  a  pulse  issued  at 
P3.2  periodically  retriggered  the  monstable  U2.  The  output  at  Q  {pin  7) 
was  in  the  ZERO  state  and  inhibited  the  oscillator  U3.  The  output  Q 
(pin  10)  of  the  second  monstable  in  U2  was  also  reset  to  ZERO.  When 
the  microcomputer  failed  to  trigger  the  monstable,  the  output  at  pin  7 
back  biased  the  diode  CR1.  The  oscillator  became  active.  Its  output, 
reshaped  into  a  narrow  pulse  by  the  second  monostable,  propagated  through 
the  gates  U13  to  reset  the  microcomputer.  Once  reset,  the  computer  exe¬ 
cuted  the  default  program  to  control  the  operation  of  EIRMA.  The  DFLT 
line  on  the  bus  was  pulled  low  to  inform  the  main  controller  that  the 
default  program  was  controlling  the  mass  filter.  The  line  returned  to 
its  high  state  when  new  instructions  were  received  from  the  main  con¬ 
troller  of  BERT  and  the  program  for  the  new  mode  interval  was  entered. 

The  internal  digital  commands  to  control  the  quadrupole  exciter 
and  the  Ion  retarding,  bias  were  communicated  to  the  digital  to 
analog  converters  U9  and  UlO  through  the  I/O  port  0,  To  boost  the 
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drive  capabilities  of  the  port,  CMOS  buffer  U5  and  the  OR  gates  U6  were 
employed.  The  pull-up  resistor  network  RNl  was  used  to  raise  the  out¬ 
put  levels  of  the  port  to  the  voltages  required  by  the  CMOS  units.  The 
chip  select  pulses  to  latch  the  data  into  the  appropriate  analog  to 
digital  converters  were  generated  at  P2.0  and  P2.1.  An  8  bit  resolution 
was  used  for  the  control  of  the  exciter,  while  only  the  7  MSB's  were 
used  to  control  the  retarding  bias.  The  two  MSB's  (P0.6  and  P0.7)  were 
OR-ed  by  U6  and  presented  as  the  MSB  to  UlO.  The  ratio  control  sig¬ 
nal,  an  8kHz  pulse  width  modulated  waveform  was  produced  at  P3.1.  Pulse 
widths  from  28  to  102ys  could  be  achieved  with  an  approximate  2ps  reso¬ 
lution.  The  MOSFET  Q1  was  used  to  drive  the  diode  of  an  optocoupler 
which  transmitted  the  waveform  to  the  exciter  circuits  operating  at  the 
ion  retarding  bias.  Bits  4,  5  and  6  of  port  3  were  used  to  select  the 
control  sources  for  the  ion  retarding  potential. 

B.  Retarding  Bias  Control  Circuits 

The  circuits  to  control  the  power  supplies  providing  the  retarding 
bias  are  shown  in  Figure  3.  When  the  data  in  the  microcomputer  was 
selected  to  control  the  retarding  bias,  a  ONE  at  pin  1  or  U6  (VRl)  en¬ 
abled  the  AND  gate  and  closed  the  "switch"  between  the  pins  4  and  9 
of  the  analog  data  selector  U7.  Thus,  the  output  of  the  DAC  AD558 

was  connected  to  the  summing  junction  of  the  amplifier  formed  by  U8 
and  the  MOSFET  .  R16  served  as  the  feedback  resistor  of  the  ampli¬ 

fier.  The  output  of  the  amplifier  provided  the  power  to  a  high  voltage 
supply  (Figure  4)  whose  output  was  proportional  to  the  input  voltage. 

A  small  offset  current  was  injected  into  the  summing  junction  of  the 
amplifier  by  R18  and  R19  to  provide  the  required  minimum  input  voltage 
for  the  supply  when  the  output  of  the  DAC  was  at  zero  volts.  When  tie 
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input  of  Q2  (MODE  SAfE)  was  shorted  to  ground  the  relay  K1  shunted  the 
feedback  resistor  Rlt  with  R17.  The  gain  of  the  amplifier  was  reduced 
by  a  factor  of  16.  1hus,  the  maximtmi  output  voltage  of  the  high  vol¬ 
tage  supply  was  limited  to  approximately  300  volts.  Also,  the  power 
to  the  other  HV  circuits  was  interrupted  (+28V  OUT).  This  safety  feature 
was  primarily  introduced  to  prevent  voltage  breakdown  due  to  an  accidental 
turn-on  at  reduced  pressures.  When  the  relay  was  in  the  flight  (unsafe) 
position,  +28V  were  provided  to  the  exciter  circuits.  There  the  voltage 
was  used  to  put  the  exciter  into  the  full  power  operation.  The  dc  to  dc 
converter  supplying  the  power  to  the  circuits  operating  at  the  retarding 
bias  was  also  activated.  A  monitor  signal  was  derived  from  the  +28V 
by  Rll  and  CR6.  This  +5V  monitor  level  was  passed  through  an  inverter 
in  Figure  2  and  continued  on  as  the  "SAFEMON"  to  become  a  part  of  a  more 
complex  monitor  sign.il  in  Figure  5. 

Since  the  two  MSB's  of  the  microcomputer  output  were  OR-ed  into 
the  MSB  of  the  DAC  controlling  the  retarding  bias,  the  output  of  the 
DAC  reached  the  full  scale  value  when  7FH  were  latched  into  the  unit. 

When  the  input  to  the  DAC  was  increased  to  BOH,  the  output  of  the  DAC 
dropped  to  a  half  scale  value,  from  where  it  could  be  increased  back  to 
the  full  scale  value  when  the  digital  input  reached  BFH.  The  same 
process  repeated  itself  for  inputs  between  COH  and  FFH.  The  MSB  of 
the  data  was  also  latched  into  the  pin  13  of  U2.  When  the  MSB  was  a 
ONE,  the  outputs  of  U6  and  U5  were  driven  high.  The  MOSFET  Qj  turned 
ON  an  optoisolator,  which  in  turn  switched  in  a  supply  floating  on  the 
output  of  the  supply  controlled  by  the  DAC,  (Figure  4).  The  combined 
Output  of  the  two  provided  the  required  retarding  bias.  Thus,  at 
an  Input  of  7FH  two  thirds  of  the  full  scale  output  was  generated  by 
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the  non-floating  supply.  At  80H  again  an  output  of  two  thirds  was 
generated,  but  this  time  by  the  contbineii  of  KUh 

From  there,  the  full  scale  output  could  be  obtained  by  increasing  the 
contribution  of  the  ground  base  supply. 

When  the  isolated  sector  voltmeter  was  selected  to  control  the  re¬ 
tarding  bias,  the  inverted  analog  signal  at  the  output  of  U1  (pin  1) 
was  converted  into  a  digital  signal  by  U3.  The  conversion  was  trig¬ 
gered  by  the  selection  signal  VR2  originating  at  the  microcomputer. 

The  digital  word  was  reconverted  into  an  analog  output  by  U4  which 
completed  the  digital  sample  and  hold  circuit.  As  in  the  previous 
case,  where  the  microcomputer  controlled  the  retarding  bias,  the 
two  MSB's  of  the  digital  word  were  OR-ed.  The  MSB  also  controlled  the 
status  of  the  transistor  through  the  gate  U5k provided  pin  13  of  U6 
was  high.  The  status  of  that  pin  was  determined  by  the  polarity  of 
the  isolated  segment  voltmeter.  When  the  output  of  the  voltmeter  was 
positive,  a  ZERO  was  latched  into  the  pin  2  of  U2  by  the  VR2  signal. 

The  AND  gate  U6  (pin  13)  was  disabled.  A  negative  signal  from  the  volt¬ 
meter  enabled  that  gate.  The  enabling  signal  also  controlled  the  status 
of  the  switches  in  1)7.  When  U6  was  enabled  the  switch  connecting  pins  3 
and  9  of  U7  was  closed.  The  output  of  the  digital  sample  and  hold  cir¬ 
cuit  was  connected  to  the  amplifier  U8.  The  signal  generated  by  the 
amplifier  at  the  drain  of  Q-j,  using  the  data  derived  from  the  voltmeter, 
could  be  modified  by  the  output  of  the  AD558  DAC.  The  output  of  the 
DAC  was  attenuated  by  a  factor  of  5  at  pin  8  of  U1  before  being  summed 
with  the  voltmeter  signal  at  pin  3  of  U8. 

If  the  output  of  the  isolated  segment  voltmeter  was  positive  when 
sampled,  the  transmission  gates  in  U7  between  pins  2  and  9  and  14  and 


10  were  closed.  The  input  voltage  to  the  HV  supplies  was  reduced  to 
zero.  Thus,  the  supplies  were  forced  to  shut  down.  Pin  2  of  U2  was 
reset  to  ZERO  and  since  VRl  was  at  ZERO  (deselected)  the  output  at 
pin  10  of  06  was  also  forced  into  the  ZERO  state.  This  state  closed 
the  relay  contacts  (shown  in  Figure  4)  and  applied  a  negative  bias 
voltage  with  respect  to  the  vehicle  to  the  front  end  of  the  instrument. 
That  bias  could  also  be  selected  directly  by  the  computer  providing  a 
ZERO  at  pin  9  of  06  (VR3). 

C.  HV  and  Data  Circuits 

The  high  voltage  (HV)  bias  and  the  data  circuits  are  shown  in  Fig¬ 
ure  4.  The  circuits  include  the  ion  retarding  bias  supplies,  the  Chan¬ 
nel  tron  bias  supply  and  the  front  end  bias  relay.  Also  included  are 
the  electrometer  amplifiers  that  were  employed  to  measure  the  ion  flux 
and  the  mass  spectral  data  gathered  at  the  retarding  bias.  They  were 
housed  within  the  same  pressurized  enclosure  as  the  HV  supplies. 

Two  +^15V  dc  to  dc  converters  (946)  provided  the  necessary  power  to 
the  circuits  floating  on  the  ion  retarding  bias.  These  converters  could 
withstand  the  large  voltage  differences  between  the  batteries  referenced 
to  the  vehicle  potential  and  the  floating  circuits.  One  of  the  conver¬ 
ters  was  assigned  to  provide  power  to  the  floating  high  voltage  supplies, 
while  the  other  powered  the  data  circuits.  The  power  to  the  floating 
Channeltron  supply  K30Z  (3000  V  max  output)  was  provided  through  an 
operational  amplifier  arrangement  of  U1  and  the  MOSFET  Q.|.  The  output 
of  the  supply  was  fed  back  through  R8  to  the  summing  junction  of  the  com¬ 
bination.  The  Channeltron  bias  level  was  set  by  the  potentiometer  R3. 

The  floating  K15Z  supply  boosted  the  amplitude  of  the  ion  retarding 
bias  (VR).  It  was  provided  with  the  maximum  allowed  Input  voltage 
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of  15  volts  through  the  switch  Q2  and  produced  1500V  output  winui  acti¬ 
vated.  The  switch  was  controlled  through  the  optoisolator  (OPTO  3)  by 
the  control  circuits  previously  described.  The  K30Z  supply  referenced 
to  the  vehicle  potential  (ground)  provided  the  controlled  portion  of  the 
retarding  voltage.  When  a  fixed  negative  retarding  bias  was  needed,  the 
power  to  the  HV  supplies  K30Z  and  K15Z  was  interrupted.  The  -100  volt 
unit  PS8100  floating  on  the  -56  volt  battery  provided  the  necessary  bias 
through  Rll.  The  diodes  CR2,  CR2A  and  CR3  prevented  an  excessive  attenua¬ 
tion  of  the  negative  retarding  bias  by  isolating  it  from  the  various  re¬ 
sistances  to  ground.  CR2  served  yet  another  purpose.  The  output  of  the 
controlled  K30Z  retarding  bias  supply  could  be  reduced  only  to  a  minimum 
of  approximately  +200  volts  before  it  reached  a  point  of  marginal  opera¬ 
tion.  Therefore,  to  achieve  a  controlled  retarding  bias  below  that 
minimum,  the  CR2  diode  was  chosen  to  be  a  low  leakage  ZOO  volt  zener. 

Thus,  by  exceeding  the  zener  voltage  at  the  output  of  the  supply,  re¬ 
tarding  voltages  in  tens  of  volts  could  be  generated.  The  zener,  of 
course,  reduced  the  maximum  achievable  retarding  bias  by  its  voltage 
drop  to  4300  volts. 

The  front  end  bias  was  also  obtained  from  the  fixed  negative  power 
supply-battery  combination.  The  signal  could  be  attenuated  by  and 
R^^,  if  needed,  before  passing  through  the  relay  Kl.  The  relay  was 
kept  in  the  active  open  state  and  was  released  to  close  by  the  bias 
control  circuit  when  the  mode  designated  as  VR3  was  selected  (Figure  3). 

The  magnitudes  of  the  ion  retarding  bias  and  the  Channel tron  bias 
were  monitored.  High  voltage  lOOM  resistors  were  used  to  derive  cur¬ 
rents  proportional  to  the  amplitudes  of  the  voltages.  The  diodes 
placed  in  series  with  the  resistors  to  prevent  excessive  loading  of  the 
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neqative  voltage  retarding  signal  also  prevented  monitoring  of  that 
signal.  Since  the  monitored  Channeltron  voltage  was  composed  of  the 
retarding  signal  and  the  negative  Channeltron  bias,  the  monitor  current 
was  reduced  to  a  very  low  leakage  current  of  the  diode  when  the  magni¬ 
tude  of  the  positive  retarding  bias  was  smaller  than  the  magnitude  of 
the  Channeltron  bias  voltage.  To  protect  the  circuits  that  processed 
the  monitor  currents,  both  monitor  resistors  were  terminated  by  diodes 
connected  to  the  vehicle  potential. 

The  electrometer  amplifiers  U2  and  U4  were  configured  into  logarith¬ 
mic  current  to  voltage  converters.  The  amplifier  U2  accepted  the  nega¬ 
tive  current  from  the  Channeltron  representing  the  ion  mass  spectrum, 
while  the  U4  unit  operated  on  the  positive  current  produced  by  the  ion 
flux  into  the  instrument.  Both  circuits  converted  6  decades  of  input 

current  into  a  6  volt  output  variation.  The  ion  flux  meter  measured 
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currents  in  the  10  to  10  A  range,  while  the  spectrum  amplifier  ac- 
cepted  currents  of  -10'  to  -10"  A.  Both  amplifiers  had  similar  con¬ 
figurations  and  differed  primarily  in  the  values  and  the  polarity  of 
components  selected  to  accommodate  the  directions  and  the  range  of  the 
input  currents. 

Dual  high  gain  transistor  Qg  placed  in  the  feedback  path  of  the 
electrometer  amplifier  served  as  the  log  element.  The  transistor  with 
its  collector  connected  to  the  input  accepted  the  current  and  performed 
the  classical  logarithmic  current  to  voltage  conversion.  The  other 
transistor  within  the  package  reduced  the  voltage  pedestal  and  thus 
eleiminated,  to  a  large  extent,  the  influence  of  the  reverse  saturation 
current  on  the  result.  The  operational  amplifier  (U3)  circuit  forced 
a  comparitively  large  constant  current  (200uA)  to  flow  in  the  collector. 


and  consequently,  in  the  emitter  of  the  second  transistor.  The  resistor 
divider  formed  by  9^2^*  ^^28  ^29  amplifier. 

The  temperature  influence  on  the  signal  due  to  the  variation  of  the 
junction  voltage  was  minimized  by  the  sensitor  R28.  To  speed  the  re¬ 
covery  of  the  circuit  from  a  cut-off  state  caused  by  the  input  current 
reversals  generated  by  the  transients  in  tne  system,  a  circuit  to  inject 
a  current  into  the  input  was  used.  The  voltage  divider  formed  by  R2^, 
R25  and  R2g,  together  with  the  transistor  Q12  diverted  the  unwanted 
current  from  the  input  whenever  the  output  of  the  amplifier  (U2)  was 
forced  to  ge  below  a  preset  level. 

The  output  of  the  logarithmic  circuit  was  inverted  and  then  con¬ 
verted  into  a  frequency  modulated  pulse  train  by  the  circuit  of  U5.  The 
modulated  data  signal  was  passed  through  the  optocoupler  (OPTO  1)  and 
reshaped  at  the  vehicle  potential  by  the  transistor  The  operation 
of  the  circuit  amplifying  the  positive  ion  flux  current  was  very  similar 
to  the  operation  of  the  mass  spectra  amplifier  just  described. 

0.  Signal  Conditioning  and  Monitor  Circuits 

The  reshaped  frequency  modulated  pulse  trains,  carrying  the  data 
processed  by  the  electrometers,  were  reconverted  into  the  slowly  vary¬ 
ing  signals  by  the  converter  circuits  shown  in  Figure  5.  Also  shown 
are  the  amplifiers  processing  the  monitor  currents  derived  from  the 
retarding' potential  and  the  Channeltron  circuits.  In  addition,  signal 
conditioning  circuits  for  the  temperature  and  the  pressure  transducer 
data,  the  exciter  signal  monitor  and  the  "safe"  state  indicator  were 
located  on  the  same  board  and  are  included  in  the  drawing. 

The  frequency  to  voltage  converter  circuits  U5  and  U6  used  to  re¬ 
cover  the  ion  mass  spectrum  and  the  ion  flux  data  were  identical.  To 
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establish  the  zero  volts  reference  for  the  data  signals,  appropriate  off¬ 
set  currents  were  injected  into  the  summing  junctions  of  U4  (pins  2,  9). 
The  currents  were  derived  from  the  voltage  reference  source  O-j  through 
the  voltage  inverter  U3  and  the  resistors  R^-j  and  R^2-  Potentiometers 
R^g  and  R^^  provided  the  adjustment  capability.  The  gain,  to  establish 
the  5  volt  full  scale  limit  for  the  data  acceptable  to  the  telemetry 
circuits,  could  be  trimmed  with  the  potentiometers  R^g  and  R^g  located 
in  the  feedback  loops  of  the  amplifiers.  The  remaining  harmonics  gener¬ 
ated  during  the  frequency  to  voltage  conversion  were  removed  from  the 
signal  by  the  two  pole  low  pass  output  filters.  To  protect  the  telemetry 
circuits  from  possible  overvoltages,  the  outputs  of  the  filters  were 
limited  to  a  maximum  of  5.6  volts  by  the  CRll  and  CR12  diodes.  Rgg  and 
Rg1  converted  the  generated  data  signals  from  a  one  volt  per  decade  to 
0,9V  per  decade  to  accommodate  approximately  6  decades  of  data  within  the 
0  to  5  volt  range  of  the  telemetry  signal. 

The  monitor  current  derived  from  the  retarding  potential  was  con¬ 
verted  into  a  voltage  by  U1  (pinl).  The  output,  representing  1000  volts 
of  retarding  potential  per  volt,  was  passed  through  an  inverter  and  a 
voltage  limiter  before  proceeding  to  the  telemetry  circuits.  The  small 
offset  introduced  by  R^  accounted  for  the  voltage  loss  in  the  200V  zener 
placed  in  the  path  of  the  retarding  potential  (FigureA).  The  resistor 
could  be  removed  when  the  retarding  voltage  and  not  the  supply  voltage 
was  to  be  monitored.  Also,  the  output  of  Ul(pinl)  was  summed  with  the 

monitor  current  derived  from  the  Channel tron  bias  circuit.  This  operation 

« 

removed  the  contribution  of  the  retarding  potential  signal  to  the  Channel 
tron  bias  monitor  current.  Therefore,  only  the  Channel tron  bias  voltage 
was  represented  by  the  signal  (V^)  sent  through  the  telemetry. 

-  19  - 


Two  temperature  sensors  LM23E  were  included  with  the  confines  of 
EIRMA.  One  of  these  was  located  with  the  exciter  circuits  (RF  TEMP)  while 
the  other  (CR4A)  monitored  the  temperature  of  a  dc  to  dc  converter  supply¬ 
ing  power  to  the  control  and  the  data  circuits  operating  at  the  vehicle 
potential.  The  sensors  produced  an  increment  of  lOmV  for  a  change  of 
one  °C  in  the  temperature.  The  offset  current  through  Rg  (R15)  estab¬ 
lished  a  zero  volt  output  at  25°C.  The  maximum  temperature  was  expected 
to  be  below  75°C.  It  was  represented  by  a  full  scale  output  of  5  volts. 

The  dc  to  dc  converter  temperature  monitor  signal  was  processed  in  combi¬ 
nation  with  the  safe  mode  indicator.  As  previously  stated,  the  safe  mode 
limited  the  operation  of  the  quadrupole  exciter  and  the  HV  bias  circuits 
to  the  output  levels  below  the  voltage  breakdown  limits  in  a  partial 
vacuum.  When  in  the  safe  mode,  the  dual  JK  flip-flop  U8  was  kept  in  the 
reset  state  by  a  ONE  on  the  SAFE  MODE  signal  line.  The  diodes  CR6  and  CR7 
were  cut-off.  The  signal  from  the  temperature  sensor  CR4A  was  conditioned 
by  the  circuits  of  U2  and  appeared  as  a  dc  level  at  the  cathode  of  the 
amplitude  limiter  diode  CR5A.  When  EIRMA  was  in  the  flight  ready  mode, 
the  JK  flip-flop  U8  connected  as  a  modulo-3  counter,  was  released  from 
the  reset  state  by  a  ZERO  on  the  SAFE  MODE  line.  The  8kHz  ratio  control 
signal  (from  Figure2)  scaled  to  approximately  one  Hz  by  U7(Q.|2)  triggered 
the  flip-flop.  In  its  sequence,  the  flip-flop  first  forward  biased  CR7 
and  pushed  the  output  of  the  amplifier  U2  beyond  +10  volts.  This  forced 
the  diode  CR6A  to  limit  the  output  to  +5  volts.  Next,  both  diodes  CR6 
and  CR7  were  cut-off.  In  this  state  the  output  of  the  amplifier  was 
determined  by  the  temperature  sensor  CR4A.  In  its  third  state,  the 
flip-flop  forward  biased  CR6  and  forced  the  output  of  the  amplifier 
into  the  negative  direction.  The  negative  excursion  was  limited  by 


CR4  to  one  diode  drop.  Thus,  the  signal  to  the  telemetry  system  was  kept 
at  zero  volts.  This  sequence,  repeated  once  every  3  seconds,  could  be 
used  to  caution  the  operator  that  EIRMA  was  fully  operational. 

The  pressure  transducer  Syncom  model  LX1603A  was  located  in  the 
exciter  section.  It  monitored  the  pressure  in  the  exciter  and  the  HV 
circuit  enclosures  which  were  interconnected.  Since  the  output  of  the 
transducer  could  range  between  2.5  and  12.5  volts,  its  signal  was  first 
offset  by  -215  volts  and  then  attenuated  by  a  factor  of  2  in  the  cir¬ 
cuits  of  U3. 

An  additional  signal  originating  in  the  exciter  section  was  pro¬ 
cessed  by  the  monitor  circuits.  This  signal  representing  the  amplitude 
of  the  ac  excitation  at  the  primary  of  the  transformer  was  attenuated 
and  limited  by  U1  and  CR9  before  being  passed  on  to  the  telemetry. 
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IV.  APPENDIX  A 


EIRMA  CONTROL  CODES 

1.  OOH  -  Address  code  followed  by  an  8  bit  data  code  specifies  the 

starting  point  of  an  AMU  sweep. 

2.  01 H  -  Code  in  conjunction  with  an  8  bit  data  code  determines  the 

end  point  of  the  AMU  sweep. 

3.  02H  -  Together  with  the  8  bit  data  code  specifies  the  number  of 

levels  (0  to  255)  by  which  the  AMU  sweep  control  signal 
is  incremented  during  a  sweep.  The  sweep  ends  at  the  point 
specified  by  the  accompanying  data  of  the  01 H  code,  re¬ 
gardless  of  the  size  of  the  last  increment  which  could 
cause  an  overshoot  if  executed.  A  ZERO  stops  the  sweep. 

4.  03H  -  And  the  8  bit  code  specifies  the  time  interval  spent  at 

each  AMU  sweep  increment.  The  DWELL  TIME  =  0.5(FF-NN)H  nS. 
Where  0<NN<FF  is  the  8  bit  data  code.  A  ZERO  stops  the 
sweep . 

5.  04H  -  Spare 

6.  OSH  -  Code  and  the  three  (3)  LSB's  of  the  accompanying  data  select 

the  ion  retarding  potential  control  source.  The  LSB  (BIT  0) 
transfers  control  to  the  digital  data  transmitted  in  con¬ 
junction  with  the  06H  code.  The  NLSB  selects  the  isolated 
segment  voltmeter  output  as  the  control  signal.  Bit  2  re¬ 
places  the  positive  variable  high  voltage  supply  with  a 
fixed  voltane  of  -156  volts  as  the  source  of  the  retarding 
potential. Only  one  bit  at  a  time  may  be  designated  as  ONE. 

7.  06H  -  Code  and  the  8  bit  data  code  determine  the  output  level  of 

the  retarding  potential  source  when  the  digital  data  stored 
in  the  program  is  selected  as  the  control  source  by  the 
code  05H. 

8.  07H  -  Spare 

9.  08H  -  Code  forces  EIRMA  controller  to  interpret  the  codes  OOH 

through  03H  and  the  accompanying  data  as  the  ion  retarding 
potential  control  codes  and  the  data  identified  by  06H  code 
as  the  AMU  level  definition. 

10.  09H  -  Code  in  conjunction  with  the  STilOBt  (STft)  signal  generates 

a  RESET  command  for  the  EIRMA  controller.  The  controller 
switches  into  the  default  program. 
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APPENDIX  A  (continued) 


11.  OAH  -  Code  and  the  six  (6)  LSB's  of  the  data  code  determine  the 

duty  cycle  of  the  signal  controlling  the  ratio  between 
the  ac  and  the  dc  components  of  the  quadrupole  excitation 
signal.  Data  between  OOH  and  OCH  produce  a  dc  level  which 
turns  the  ratio  control  optoisolator  input  LED  ON.  Data 
33H  through  3FH  turn  the  LED  OFF.  Data  ODH  through  32H 
produce  positive  (LED  ON)  pulse  widths  ranging  from  102 
to  28ps  while  maintaining  the  period  of  approximately  130ys. 

12.  OBH  -  Reserved  for  internal  use. 

13.  OCH  -  Spare 

14.  ODH  -  End  of  data  designator  (EOD). 

15.  OEH  -  Starts  the  execution  of  the  new  mode  interval  program. 

(EXECUTE) 

16.  OFH  -  Reserved  for  internal  use. 
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.  APPENDIX  B 
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178 

NhITINSj  noeOLEiRESET  INH) 

0097  80F7 

182 

SJM5 

■AIT 

0059  AA90 

133 

If.^UT:  MOV 

R2.DATAJUS 

sSt'  DATA  0F5  THE  BUS 

0099  E5AC 

154 

MOV 

A.  COMMAND 

!  hLDNB  NITH  the  COMMAND  ASSOCP": 

O05D  54F0 

135 

ANL 

A.IOFOH 

iSTSP  055  the  lON  NIBBlE 

0091^  C2A3 

136 

CLR 

READ9.LINE 

: ACCEPT  ALL  DATA  SO  REAIV^FAlSE 

OCAl  C4 

:S7 

5NAP 

A 

00A2  84jD0F 

158 

CJNE 

A.iODH.NOT  EOD 

!lS  IT  AN  EDD  COMMAND^ 

0;A5  ’O' 308 

135 

EOS:  3N9 

FIRST.SNEEP.EOD  EXIT 

!5':i 

XTOeSLE 

'RESEtjnhi 

! PREVENT  AUTO-RESET 

OOAC  C2df 

iCJ 

CLR 

I£1 

OOAE  80F5 

16- 

SJM® 

EOD 

0o90  82A3 

15: 

E'-D.EXIT:  SETB 

READY .LINE 

7'OB:  30DA 

19' 

195 

15* 

SJMP 

MAIT1N6CLF 

0094  2420 

20 'I 

nr  ! 

* 

NlTJCDs  ADD 

A,I20H 

jBET  TH.E  5T0RA6E  LOCATION  FROM  THE  COMMAND 

0096  F9 

2c: 

MOV 

SI, A 

0097  A702 

2Ci 

MOV 

@R1,02H 

SAND  USE  IT  TO  STORE  R2  (DATA' 

0099  D2A3 

204 

SETB 

READY.LINE 

jSHON  THE  DATA  ACCEPTED 

OOBB  342E02 

205 

CJNE 

A.»2EH,N0T  EXE 

jNAS  IT  AN  EXECUTE  COMnANO’ 

OOBE  8002 

206 

SJMP 

EXE 

OOCO  2188 

207 

NOT  EXE!  AJMP 

RATIO 

;IF  IT  NASNT  n  moST  HAVE  BEEN  RATIO  COMM 

00C2  C2B7 

208 

EXe!"  CLR 

DEF.LT 

.■NO  L0N6ER  THE  DEFAULT  PARAMETERS 

00C4  C2A9 

209 

EXE.FRGM.RiSET: 

CLP  ETO 

OOCi  C2F1 

210 

CLR 

E  OF  5N 

37 


"li'S;  MCRO  ASSErfLER 


AKIJ/VS  ZuNTROLLES 


1/! 


lC:  OB2 

LINE 

SOURCE 

ooza  CE'^o 

"ll 

CLR 

ST_0F_5N 

^'OCfl  32F: 

212 

SETB 

FIRST^SKEEP 

'.'.'CC  C28C 

213 

CLR 

TRO 

OOCE  C28E 

2H 

CLR 

TRl 

iJlSABLE  TINERS 

fiOO';  C2fiF 

215 

CLR 

ETC 

0002  CEAB 

216 

CLR 

ETl 

217 

y.TEfP.TOJKE 

iTRANE'ER  THE  INPUT  TO  THE  EKE  LOCATIONS 

OOEF  e5:a 

2'iz 

«DV 

A,T!_DN_HJ1( 

j 

■)OFi  BACCO* 

23A 

E3NE 

A.»OCC‘J,RAT.NOT. 

.CC  i!5  ^HE  BHELL^OCCh 

00F4  D2B1 

235 

SETB 

RA'  CLK 

|IF  VES 

f'(iF6  30!  A 

236 

237 

33HP 

t 

STRT  TINER 

■;0F3  BA^324 

238 

239 

RAT  NOT  CC:  CJNE  A,»0P3H, 

,RAT.NC’.F3  ;RATI0=F3H’ 

■jO'B  c:bi 

2A0 

CLR 

RA^CLK 

jSet  up  rat.clk  pin  to  proper  level  !=f:.; 

I'Ofo  goOD 

2A1 

242 

SJNP 

STRTJIHER 

lOFc  eS'iBSB 

243 

244 

RAT_NOT  P3:  NGV  TLIJIJN.L.EK 

sNOVE  EXECUTE  VALUE  INTO  Tl  LON 

0102  S23A8D 

245 

NOV 

THIJIJN.H.E* 

)  HI 

0105  752r3B 

246 

NOV 

RAT,PTi«3BH 

iSET  UP  POINTER  >^08  NEXT  INTERU^T 

OlOe  02B! 

24-’ 

SETB 

RAT^CLK 

[SET  UP  RAT.ClK  pin  to  PROPER  LEVEL 

’  lOA  028E 

248 

SETB 

TRl 

i START  TINER! 

OlOC  853080 

219 

STRTJIHERs  NOV 

BUS,ANLi.STj)( 

jPut  start  value  onto  bus 

CiOC  8575 

250 

NOV 

A,VR  sJt 

jCHECK  if  snap  is  in  effect 

0!!1  20E3KI 

251 

JB 

0E3H,VR,AHU.StlAP!lF  SO  JUNR 

252 

UTOGGLEIANU) 

01  !8  95368^ 

256 

NOV 

BUS.VP.VJX 

257 

U066LEIVR) 

0!!R  30E015 

261 

JNB 

OEOH.NOT.VRl 

0122  800E 

262 

SJNP 

SV! 

263  i 
2bi 


265 

VR.ANU  SNAP:  7T066LE(VR) 

o;:?  85 3680 

269 

NOV  BUS.VR  V  EX 

270 

XT066LE(AHU1 

274 

SVl!  XSELECT.VRl 

O'! 35  301E 

282 

SJNP  VR. SELECTED 

284 

f 

C:TT  TOElOE 

235 

N0T_VR1:  JNB  0EIH.N0T.VR2 

! SELECT  VR29 

286 

XSELECT.VR2 

0146  8000 

297 

SJNP  Vfi.SELECTED 

298 

1 

0148  30E20A 

299 

NQT.VR2:  JNB  0E2H,LR.SELECTED 

(SELECT  VR3?  IF  NO  THEN  DO  NOTHING 

300 

XSELECT.VR3 

310 

9 

311 

1 

0153  E533 

312 

VR.5ELECTED:  NOV  A,ANU.DN.EX 

;SET  UF  SNEEP  RATE 

0157  B40002 

313 

CJNE  A,IOON,LOAD.TiNERO 

iOO  IS  INVALID 

■'I 


jSE’BLiS 

EIF’^A  A  .'/V8  control lES 

8/1!  a 

LC3  Gt' 

LIK. 

SOU'  :e 

■.aSA  8’'08 

31- 

31: 

SJNR 

E7EJNC 

0!5C  353’9C 

'1 

3! 

LOAD.TIHERO:  "OV  THO.AHU.DMJK 

‘.CmD  H!  PVTE  OP  TINE90 

OIj-  ’59800 

51 

NOV 

Ti.0,100 

.nw  BV’E  IS  ALNAY3  OC 

0!t2  2!i8 

8JNP 

1 

Ext. INC 

O’ci  E5V‘ 

’72 

( 

ETl.lNC;  ?1QV 

A,RNU_9T_Eii 

E.  ■  7t<t  NEX’  ■.'ALOE  TEAD> 

OUc  25. '2 

323 

ADD 

A.AWiNCJX 

O'bS  Aon 

324 

JC 

IST 

•  f  >►► 

v!iA  B53102 

C'NE 

A,ANl,E.EX,Ei..NE.E« 

:  UD  8CGC 

v-i 

3JHP 

N(T_h_[3T 

OliA  5038 

327 

Ei.t^.END:  JNC 

NsTJS.LS’ 

'^E'’D  15  LAw- 

01’!  -5.30 

328 

NOV 

ANU_3T_EX,A 

BAv'E  NE/7  AS  vmLID  V^lLE 

0173  D2At! 

329 

SETB 

ETl" 

ENmBlE  7'.!leC'  1  II  ’in}}  :  STARTS  i’ 

331 

332 

1 

1 

« 

!F  ^R1  IS  SET  IIU  T  •  .'3  lilt 

0175  D2A9 

7T'* 

SETS 

E^O 

ENABLE  TIMER  OiSNEE’' 

01 ’7  D2oC 

338 

3ETB 

TRO 

START  TIMER  0 

0';9  C!3£ 

’■35 

AvWA 

NAITINSCLR 

then  map 

oi7i  s:fi 

’■’i 

N7T_;s_lST!  SETB  E.OF.Si 

’[■.L  SNEEF  7KAT  NEXT  IS  'HE  '.887 

017D  853130 

337 

NOV 

ANU.ST.Et.ANO.E.Ei! 

iAS7  V8LUE  T]  BE  CiJ’PD’ 

O'l^C  02Af 

339 

SETB 

ETl 

e:::-  'mEf  i  xj  3F;t  cc 

0182  D2A9 

33’ 

SE’B 

ETC 

S  ART  TIMERO 

019A  DISC 

340 

SE^B 

TRO 

Clbt  '013E 

34! 

AJNA 

NAITlNSCt-R 

342 

343 

! 

344 

« 

345 

( 

0188  942824 

386 

RA’iO:  CJNE 

A.ICAH.TC.Exn 

NAS  n  A  RATXQ  COMMAND 

018B  530239 

347 

ANL 

02,»3FH 

STRIP  0R9  2M3B'  O'  D8TA  (RS'i 

019E  BA0CCi2 

348 

CJNE 

p:.i«ch,6t.dc 

DATA=OCH'’ 

0191  8002 

349 

SJNP 

9ET.RAT.CC 

IF  50  SET  IT  TO  CO  'MA7  VAL  ALlONED- 

350 

5 

351 

f 

0193  5005 

352 

6T_]C:  JNC 

EQ  35 

!<  CCH  JUMP  IF  5REB7ER 

0195  752ACC 

TC? 

■jJJ 

SE’.RAT_CC:  NOV  H  Dk  H.I.iOCCH 

.00  MINIMUM  VALUE  AL.ONED 

0198  8015 

354 

SJffP 

TD.EMT 

355 

J 

356 

019A  BA3302 

357 

EQ.33:  CJNE 

R2,»:3H,6T  33 

!=33H'’ 

019D  8002 

358 

5JHP 

SET.  AT_3F 

1 

359 

1 

36' 

f 

019F  4005 

36 

6T  33!  JC 

IN  RAT 

jACCEFT  VALUE  IF  33TV:CC 

OlAl  752A3r 

36 

SET.RAT  3P:  WV  T1  9H  I,i3FH 

!3R  MAXIMUM  VALUE  ALLMED 

01A4  3009 

36  i 

SJNP 

TO  E»IT 

39  - 


1 


ASSETS'.:' 


awi  vc  CCKTROttfc; 


lGC  3tJ 

l:ne 

SGl'ACE 

36A 

. 

■65 

« 

0!fi6  EA 

366 

INJAT:  HQV 

A,  RE 

: VALUE  IS  ACCEPTED  BUT  NEEDS  NASSASE 

01A7  24C0 

367 

ADD 

A.IOCOH 

ji'iAKE  KORUNG  VALUE 

363 

; 

33'y+C0‘'CC 

•;);A9  F52A 

369 

NOV 

Tl.Dti.H.!)*^ 

|3A'7E  IT 

flAP  EA 

370 

NOV 

A, RE 

iSET  ORIGINAL  VALUE 

O’.AC  FA 

C-PL 

A 

i NASSASE  r 

ClAO  ^526 

•»T' 

'  1  L 

NGV 

TlJ«_L.!,A 

iSAVE  IT 

0!A-  OISE 

j7.7 

374 

fO.EUf:  AJNP 

1 

HAniNSCLR 

|AND  HAIT 

0<' 

375 

376 

lOF 

v!p:  00 

7-7 

NOP 

'■!E3  00 

373 

NGP 

virA  00 

3.79 

NflP 

r.!f5  B251 

330 

TINFR_;_!NT!  CPL  RAT  CLic 

'.TINEA  JUST  INTERUPTE  SO  SNAP  Tinr: 

■liPf  B278 

38! 

CPL 

pA7_b17.PTR 

! POINT  TO  NEXT  TINE  INTERVAL 

iiSA  A62F 

382 

NOV 

ro.ratJtr 

sNCVE  POINTER  TO  RO 

OlftFl  9900 

383 

NOV 

TH1.8R0 

;  USE  IT  TO  RELOAD  TINER 

O'lBD  32 

3:  A 

RE'i 

O'. EE  00 

’35 

N.jt 

■’.E"  00 

•86 

NOP 

■JlCO  OC 

337 

NOF' 

388 

« 

389 

• 

i/.c;  [‘“EO 

390 

SnEEP.INT!  push  ACC 

01C3  "OFOSE 

751 

JB 

STJF  S«.  START  SNEEF 

; START  A  NEN  SNEEF’ 

■’.C9  EOF! 35 

392 

JB 

E.OfJh.LAST.OuTP'UT 

SlAST  OUTPUT  FOR  CURRENT  SHEEP'’ 

''i;9  8530S0 

393 

NOV 

BUS,ANLI_ST_Ei! 

;6E'  NEXT  VALUE  TO  BE  PUT  OUT 

■:  ;cc  E535 

394 

NOV 

A,VR_sJx  ' 

! IS  SNAP  IN  EFFECT? 

■ICE  20E3CF 

395 

JE 

0F3H,IS  SHAP 

396 

UOSSLEIANUl 

01  IDS  E530 

400 

INC  A^U:  NOV 

A.ANU.ST.EX 

jSEt  value  just  put  out 

01-7  :^32 

401 

ADD 

A.ANU.iNC  EX 

:ADD  THE  INC  VALUE 

0!DF  AOIE 

402 

JC 

SET_lAST 

;IF  >FF  then  NEXT  RILL  BE  END 

OlEP  P53108 

403 

CJHE 

a.ani,  e  ex, he  last 

!=  END  VALUE7 

OuDE  8017 

4i;u 

SJNP 

SET  last 

405 

ISJWAP:  llT066.EiVi;i 

■OlLi  3(Ef 

409 

SJNP 

INC.ANLl 

";E9  500F 

41'^ 

NE.LA3T:  JNC 

3ET.LAST 

ilF  >  END  VAL  then  next  KILL  BE  .AST 

■)1ES  F530 

All 

NOV 

ANUJT^ek.p 

o!EA  8533 3C 

412 

SHEEFJHTj  N. 

V  tho,anu.dh.ex 

; RESET  SKEEP  Tl^E 

01  ED  758A00 

413 

NOV 

TLO.IOoii 

!'!C0  02A9 

414 

SETB 

eto 

'■.172  D23C 

415 

SETS 

TRO 

OlFA  COEC 

416 

POP 

ACC 

OlFt  32 

4r 

RETI} 

OUTPUT  IS  KNOKN  (ANU  S  EX' 

I 


"CS-!:  ’•ACSO  A55E»ELEA  EIPHA  AHU^VA  C-)NTeQi.:rA 


LOC  OEJ 


.1*1: 


2‘-L’'VC 


vtF7  :::! 

420 

EETJ.ASM  8E7E 

E.OF.IH 

;8E'  END  OF  SmEEb  =l;,5 

,;':o  g53;>/*' 

42; 

MC' 

Axi  2*  E<.S''.'  E  .-I 

!5AVE  end  Vt-.'.'; 

MFC  EvEC 

E.*i’ 

)hND  ;:;7 

M" 

.•lO 

.45T_,,%..';  1: 

'  E  G' 

;5  N07  ;A8’ 

'iOO 

42: 

5E'- 

S’  OF  5u 

1  *  i ;  !  *'3 

■!M!2  35:;8  ’ 

“17 

40. 

sL’S.A"-’  £  E* 

5 '31.  i-h; 

^  •‘AC,  'ctr 

426 

MOV 

h.V?  5.E> 

ii-'E:-  BVr. 

■rc'F  :  £:'i- 

JB 

^.'E’h,_h5T 

^  TT 

■MCtb.E 

'.Is:;  55343; 

4'; 

iQV 

AMj  57  E^.F-iJ  £7  5 

;nE/'  18 

435 

SJM= 

SwEEt-Eir 

i-iND  -EFVE 

436 

; 

i*  r 

.ASFJuAF;  3=G86LE(V8'. 

oil?  853430 

142 

MOV 

AMU  ;T  51  - 

iNEl’  ;S  ETAA'F 

'M'A  5:38 

3  ! 

eneebjxit 

• 

443 

• 

0213  32^: 

44a 

I’AFT  SHEEF;  :■. 

4  57  OF  s<l 

iSESEF  bi.Ac 

0218  C2F2 

r_D 

FiAST  SkEEF 

;60:  lOMFLE7E:  A7  .EAS7  =*,  ==3k 

i..22C  83308'; 

11= 

?'j:,A»U.S7  £7 

0223  8535 

45; 

M  ,V 

F.v'RJ,;* 

;!;  SWAF  !N  fcpeCF’ 

0225  I';'E306 

i':i 

28 

OE3M.STAS7  EKAP 

45; 

‘jri66lE(AMl!! 

022C  8004 

455 

SIMP 

•SO.IN 

:.ATCH  !N  ISO  METEF  = 

456 

! 

15'' 

; 

453 

S7ART.SliO'>:  rOGGtE'VS' 

0232  30E1A0 

462 

iSO.lN:  3NB 

OElH.iNC.AM-J  ;!F  N07 

VA2  then  3'JMF 

:.235  C2B5 

463 

CLR 

VF;2 

'■237  3285 

4a4 

8E'B 

VR2 

0234  3265 

465 

EEIB 

y»2 

0238  3285 

46o 

va: 

ii23D  8096 

467 

83MB 

INC  AMU 

:&ET  ^HE  NEXT  VALUE  VEN  E*r 

469 

END 

-  41 


*=£■  S!“33'-  fHjLt  .IS’IMt' 


T  .  p  t  V  A  L  I'  E  ATTFIBij":  AND  REEERENCcE 


2  iCD' 

■DiSiju  j 

M*':  :*I  5  .  .  . 

nL'N0 

A0F4-  A 

D«i  t ' .  .  . 

3  ADD' 

:  A 

AH':  DA  ;  .  .  . 

D  ADO' 

'  v2.> 

A*  ■  C .  ,  ,  . 

tM  i 

7®'l*4  <4 

A"!'  EE/,.. 

D  AD?' 

D'‘7i'  A 

t  I.  .  .  . 

:■  AEr,' 

'1:210  A 

*-■*:  INC  E.  .  . 

NIJHB 

r-iviju  p, 

A*.;  ''fC  E'  .  . 

p  .rpp 

,;,;,32i4  u 

ah:  I'tC  1.  .  . 

7  ■  D?9 

'.'DIIA  A 

:#»  :r  r  ,  ,  , 

■'719A  A 

(i*v  E’  Ct,  ,  , 

?  ADD' 

0030“  0 

A*'.  =M  .  .  . 

'  ADD' 

:020A  A 

C  .  ■  4 

n  5^nD 

iV, 

S  ADI' 

’vAOA.C  A 

:'C,  ,  ,  . 

3  ADD' 

r.p’OH  A 

t;-:  _  ,  ,  ,  .  , 

r- 

■  ':i*fiAii7,  .  .  . 

f; 

•  .,i(S(|U  t 

:L'5  .  .  . 

■■  ADIA 

ojA'u  A 

['£"  *  .  Ill 

fe  ADDP 

0=  =8.  ,  .  , 

?  ADDS 

A 

cgr-  cr.T  .  ,  , 

C  ADD' 

'OBOA  A 

. 

'  ADOS 

eOA5M  A 

:  ADD' 

'O'AA  A 

TT  •/ 

B  AC39 

•■'0A8A.1  A 

:’7 

A  ADDS 

'■•OAB'.:  A 

=  '  NE  E'2.  .  . 

C  ADO' 

'  1690  A 

:ic  zeijK 

-  jpDf 

.'•340  A 

i':  ■'I?  .  .  . 

:  ADDA 

' 164“  A 

I'r  .  .  ■ 

'  ADO' 

(* 

t  ‘ ;  1  •  •  •  •  t 

C  ADD' 

:,OC;w  A 

fsS*  E'*EEP.  . 

'  'ODA 

;'9'0A.2  A 

7  ADD' 

■;:9'A  H 

V  ■" . 

7  ADDE 

0!'7“  A 

D  add; 

' OA'A  A 

. 

0  ADD' 

■'090'.’  A 

It  -OT  , 

C  ADD' 

61A6H  0 

IN'.  AHU.  •  .  , 

0  ADD' 

■■IDS'  A 

IMP'.T.  ,  .  ,  . 

2  ADD' 

■|'994  ». 

1= . 

p  ar  jp 

I.oppw  A 

9849.  .  .  , 

7  ADDS 

IEOH  A 

'60  IN  ...  . 

C  ADD' 

023:9  A 

:AST  rijTS'jT.  . 

3  ADO0 

OIEEH  A 

li':'  SNA'.  .  . 

3  ADDS 

0213H  A 

.OAD  SHPS.',  . 

C  ADD' 

015CH  A 

•i0  lAS’.  .  .  , 

:  ADO' 

0IE6N  A 

'90  4:6 
:««  -’t 

5:*  :il  ’!7  412 
'5»  !Zt 
2'*  !T4 

52*  725  337  <03  42’ 

51»  131 
2e«  13; 

5*«  327  40: 

531  13- 
:i»  137 

4»l  2<?  322  328  73'  3°3  '■•'O  41'.  *21  434  4<;  4ic 
49»  133 
501  434  442 

TOO  253  254  2'1  2"  397  SB  431  *22  452  45’ 

109  119» 

201  2*9  259  269  393  427  1*9 
2!4  18* 

22#  183 
78#  16E  208 

35#  no  336  392  *20  425 
189  1861 
187#  195 
352  357» 

209  215  733  339  414 
:it  329  338 
325  32’# 

)7(i  209# 

■’i*  311  322# 

891 

206  20  » 

09#  18  212  447 
35''  36  t 
34=  35  • 

16'' 

176  IM 
361  36  » 

40 1|  4  5  462  46' 

17’  10  » 

164 

395  40  * 

<55  46  * 

392  42  » 

42®  43- » 

313  31  » 

403  <1  -• 


42 


i 


•Cf-i.  -;;E'b.n=  -If.  •:.  .rfD.^EE 


^  A  “  £ 

T  ,  p  £ 

A  i.  .J 

c 

ATTSIBL’TES  AUD  PEPERE* 

<GT  ElI.  .  . 

E  A5L"> 

OORA** 

A 

188  20! 4 

NO*  £»:.  .  . 

C  ACTF 

OOCOA 

A 

DOE  20f| 

rj*  vE'..  .  . 

E  ADDE 

'!’?•' 

M 

2ti  285» 

NC  vEI.  .  , 

L  ADDE 

0148- 

A 

295  2991 

■fit*  :b  '.S'  . 

C  '-OD? 

..ogu 

u 

*24  *24  32''  TTt* 

c. 

£ 

-'iC^u 

f. 

^  . 

-; . 

j  AjD" 

ToSE* 

=  ' . 

'  ADD=' 

A 

?! 

?:*  ►■'5. 
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